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BHIDE anD aCHaRYa
The effect of sex on the fetal heart rhythm or assessment of FHR variability using a computerized analysis is less well studied. A commercial computerized cardiotocography (cCTG) system (Oxford system) is available to analyze the FHR and its variability, expressed as short-term variation (STV), and the algorithm for their calculation has been published. 11 Although there is insufficient evidence for the benefit of antenatal CTG, 12 the practice is widely prevalent.
Reference ranges for baseline FHR and variability according to the gestational age are available in the published literature. 7, 13 The aim of the current study was to explore the effect of fetal sex on FHR and its variability.
| MATERIAL AND ME THODS
This is a retrospective cross-sectional cohort study of consecutive pregnant women who attended the fetal assessment unit of St
George's University Hospital during the period 2002 to 2015 for an antenatal cCTG. The most common indications for referral were: reduced fetal movements, postdates assessment, hypertensive disorders in pregnancy, early and late onset placental insufficiency, and obstetric cholestasis.
All women with singleton pregnancies at 24 or more weeks of gestation were included. Women with abnormal CTG requiring immediate delivery or those in labor were excluded. Only the last tracing was included for women undergoing repeat cCTG tracings.
We queried the electronic database of our fetal assessment unit to retrieve cCTG records. Gestational age at the CTG recording, time of day at the start of the recording, and the recording duration were retrieved. Information on pregnancy outcome was obtained from the electronic medical records using the hospital's maternity database.
Fetal sex was ascertained from the birth records.
The data were inspected for data entry errors, and obviously implausible entries, such as negative gestational age, duration of the recording of zero minutes, and signal loss >100%, were removed. To eliminate the effect of gestational age at the cCTG recording, for each recording, the expected baseline FHR was calculated from published reference equations, 7 and was adjusted for the time of FHR recording using the published equations. We divided the observed baseline FHR by the expected baseline FHR to calculate the multiple of the mean (MoMean). The time of day at the start of the cCTG recording was truncated to the hour and this was used along with the gestational age to calculate the multiples of the expected mean baseline fetal heart rate. 7 Similarly, the expected short-term variation (STV) was calculated using published algorithm, 7 and the MoMean of STV was calculated.
| Statistical analyses
Distribution of the data was assessed using visual inspection of the histograms. The MoMean of baseline FHR and STV of male and female fetuses were compared using independent sample t test. 
| Ethical approval
National guidance in the UK mandates that formal ethics approval is not necessary for retrospective analysis of de-identified patient data http://www.hra-decisiontools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf .
| RE SULTS
A total of 11 100 cCTG records were identified. After excluding cases with a gestational age of less than 24 weeks at the time of obtaining the cCTG (n = 58), and removing duplicate traces (n = 491), 10551 cases remained. Information on sex was missing in 1292 cases, and these were also excluded, leaving a final number of 9259 cases reported in this study. The mean maternal age, gestational age at the time of recording the cCTG or gestational age at birth were no different for male or female fetuses ( Table 1) . Birthweight of males was significantly greater than that of females. There were no sex-related differences in the signal loss or the duration of recording. The start hour was not different (Mann-Whitney U test, P = 0.553). Baseline FHR of female fetuses was significantly higher and STV lower than that of male fetuses (Table 2 ). This effect remained even after the effect of gestational age was eliminated by computation of MoMean.
The number of accelerations/hour was no different for female than for male fetuses. There was a clear correlation between gestational age and baseline FHR and its variability as assessed by STV ( Figures   1 and 2 ). The baseline FHR decreased with advancing gestation, and the STV increased. A significant negative correlation was found between baseline fetal heart rate and short-term variation (r = −0.518, P < 0.001, Figure 3 ). Similarly, a significant negative correlation was found between the MoMean of baseline FHR and MoMean of STV (r = −0.481, P < 0.001).
| D ISCUSS I ON
In this study we report that there are significant sex-related differences in baseline FHR and STV. The absolute differences are small.
Key message
Significantly lower baseline heart rate and greater variability is seen in male compared with female fetuses with antenatal computerized cardiotocography.
We used MoMean to eliminate the effect of gestational age, and the observed differences still persisted.
Baseline FHR reduced with advancing gestational age. Baseline FHR was slightly lower for male fetuses than female fetuses even after adjusting for gestational age. The STV was slightly higher in male than in female fetuses. The most likely reason for this difference is the difference in baseline FHR, as a strong negative correlation was observed between baseline FHR and STV. Additionally, it has been hypothesized that this difference may be related to slower maturation of the male fetal cardiovascular and autonomic nervous system compared with the female system. 14 Furthermore, there may be differences in adrenal hormone (catecholamine) levels between male and female fetuses. 15 There is one large study investigating FHR using cCTG. AmorimCosta et al 16 analyzed the cCTG records of 9701 fetuses using the OmniviewSisPorto 3.7 system (Speculum, Lisbon, Portugal). In concordance with our findings, they reported lower baseline FHR and higher STV in male fetuses than female fetuses. They reported a progressive decrease in baseline FHR and decelerations, and an increase in average long-term variability (LTV), average STV, accelerations, and uterine contractions with advancing gestation in both sexes. However, there are important differences between this study and the current one. The algorithms used to calculate the long-and short-term variation by the OmniviewSisPorto system are different than those for the Oxford system used in the current study. In the Oxford system, STV is calculated from epochs of 3.75 seconds, whereas the OmniviewSisPorto system uses the difference between adjacent FHR signals.
The fetal heart signal was obtained using transabdominal TA B L E 2 Fetal heart rate and the variability parameters as assessed by the Oxford system Sex-related differences appear to evolve with advancing gesta- We took extra care to account for known influences on the baseline FHR and its variability. We adjusted the expected FHR to gestational age and the time of day, since the effect of gestational age and circadian rhythm on heat rate and its variability has been well described. We took into account the effect of baseline FHR on STV.
The effect of both the diurnal variation and gestational age was elim- The gestational age dependence of baseline FHR and variability has been described before. 7, 13, 18 A previous report explored the effect of time of day, gestational age, baseline fetal, and maternal heart rate as well as fetal sex on FHR variability as assessed by the root mean square of successive differences of fetal R-R interval. 19 The authors reported that there was no significant effect of fetal sex on baseline FHR or variability. However, the analysis was based on 66 fetal magneto-cardiograms of 22 healthy fetuses. Limited sample size may be the reason why the effect of fetal sex on FHR and its variability was not evident in that study.
Large sample size and the fact that only a small proportion of cases that were lost to follow up are the strengths of our study. Maternal R-R interval has previously been reported to influence FHR variability. 19 However, we did not have information on maternal heart rate.
The retrospective nature of the study is another weakness, and the risk of selection bias cannot be ignored, as the women were referred to the fetal assessment unit for the evaluation of fetal well-being due to pregnancy conditions known to be associated with adverse pregnancy outcomes. It is possible that the results of this study may not be representative of what would occur in a normal pregnancy.
We acknowledge that the observed differences are small, and highly significant P-values are seen due to the large sample size. The difference in the baseline FHR was only 0.78 bpm, which equates to an effect size of 0.079. This effect size may not be of major clinical F I G U R E 2 Correlation of gestational age and short-term variation (STV). A significant positive correlation was seen (r = 0.122, P < 0.001) F I G U R E 3 Correlation of baseline fetal heart rate (FHR) and short-term variation (STV). A significant negative correlation was seen (r = −0.507, P < 0.001) F I G U R E 1 Correlation of gestational age and baseline fetal heart rate (FHR). A significant negative correlation was seen (r = −0.187, P < 0.001) significance. Since the majority (88%) of the recordings were obtained after 37 weeks, caution is required in extrapolating these findings to earlier gestations.
| CON CLUS ION
Using the Oxford cCTG, male fetuses show a significantly lower baseline heart rate and a greater variability as compared with female fetuses. However, as the absolute differences are small, they may not be of major clinical significance.
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